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(57) ABSTRACT

A method for controlling hydraulic line pressure of a hydrau-
lic control system in transmission includes determining an
available flow from a plurality of hydraulic pumps, determin-
ing a flow consumption of functions served by the hydraulic
control system, determining an estimated hydraulic line pres-
sure based upon the flow from the pumps and the flow con-
sumption, determining a desired hydraulic line pressure, and
controlling the hydraulic pumps based upon the desired
hydraulic line pressure and the estimated hydraulic line pres-
sure.
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1
METHOD AND APPARATUS TO CONTROL
HYDRAULIC LINE PRESSURE IN AN
ELECTRO-MECHANICAL TRANSMISSION

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Application No. 60/982,840 filed on Oct. 26, 2007 which is
hereby incorporated herein by reference.

TECHNICAL FIELD

This disclosure pertains to control systems for electrome-
chanical transmissions.

BACKGROUND

The statements in this section merely provide background
information related to the present disclosure and may not
constitute prior art.

Known powertrain architectures include torque-generative
devices, including internal combustion engines and electric
machines, which transmit torque through a transmission
device to an output member. One exemplary powertrain
includes a two-mode, compound-split, electromechanical
transmission which utilizes an input member for receiving
motive torque from a prime mover power source, preferably
an internal combustion engine, and an output member. The
output member can be operatively connected to a driveline for
a motor vehicle for transmitting tractive torque thereto. Elec-
tric machines, operative as motors or generators, generate a
torque input to the transmission, independently of a torque
input from the internal combustion engine. The electric
machines may transform vehicle kinetic energy, transmitted
through the vehicle driveline, to electrical energy that is stor-
able in an electrical energy storage device. A control system
monitors various inputs from the vehicle and the operator and
provides operational control of the powertrain, including con-
trolling transmission operating state and gear shifting, con-
trolling the torque-generative devices, and regulating the
electrical power interchange among the electrical energy stor-
age device and the electric machines to manage outputs of the
transmission, including torque and rotational speed. A
hydraulic control system is known to provide pressurized
hydraulic oil for a number of functions throughout the pow-
ertrain.

Operation of the above devices within a hybrid powertrain
vehicle require management of numerous torque bearing
shafts or devices representing connections to the above men-
tioned engine, electrical machines, and driveline. Input
torque from the engine and input torque from the electric
machine or electric machines can be applied individually or
cooperatively to provide output torque. Various control
schemes and operational connections between the various
aforementioned components of the hybrid drive system are
known, and the control system must be able to engage to and
disengage the various components from the transmission in
order to perform the functions of the hybrid powertrain sys-
tem. Engagement and disengagement are known to be accom-
plished within the transmission by employing selectively
operable clutches.

Clutches are devices well known in the art for engaging and
disengaging shafts including the management of rotational
velocity and torque differences between the shafts. Clutches
are known in a variety of designs and control methods. One
known type of clutch is a mechanical clutch operating by
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2

separating or joining two connective surfaces, for instance,
clutch plates, operating, when joined, to apply frictional
torque to each other. One control method for operating such a
mechanical clutch includes applying the hydraulic control
system implementing fluidic pressures transmitted through
hydraulic lines to exert or release clamping force between the
two connective surfaces. Operated thusly, the clutch is not
operated in a binary manner, but rather is capable of'a range of
engagement states, from fully disengaged, to synchronized
but not engaged, to engaged but with only minimal clamping
force, to engaged with some maximum clamping force. The
clamping force available to be applied to the clutch deter-
mines how much reactive torque the clutch can carry before
the clutch slips.

The hydraulic control system, as described above, utilizes
lines charged with hydraulic oil to selectively activate
clutches within the transmission. However, the hydraulic con-
trol system is also known to perform a number of other
functions in a hybrid powertrain. For example, an electric
machine utilized within a hybrid powertrain generates heat.
Known embodiments utilize hydraulic oil from the hydraulic
control system in a continuous flow to cool the electric
machine in a base machine cooling function. Other known
embodiments additionally are known to react to higher elec-
tric machine temperatures with a selectable or temperature
driven active machine cooling function, providing additional
cooling in the high temperature condition. Additionally,
known embodiments utilize hydraulic oil to lubricate
mechanical devices, such as bearings. Also, hydraulic circuits
are known to include some level of internal leakage.

Hydraulic oil is known to be pressurized within a hydraulic
control system with a pump. The pump can be electrically
powered or preferably mechanically driven. In addition to this
first main hydraulic pump, hydraulic control systems are
known to also include an auxiliary hydraulic pump. The inter-
nal impelling mechanism rotates operates at some speed,
drawing hydraulic oil from a return line and pressurizing the
hydraulic control system. The supply of hydraulic flow by the
pump or pumps is affected by the speed of the pumps, the
back pressure exerted by the hydraulic line pressure (P, ;.z),
and the temperature of the hydraulic oil (T ;).

The resulting or net P, within the hydraulic control
system is impacted by a number of factors. FIG. 1 schemati-
cally illustrates a model of factors impacting hydraulic flow in
an exemplary hydraulic control system, in accordance with
the present disclosure. As one having ordinary skill in the art
will appreciate, conservation of mass explains that, in steady
state, flow entering a system must equal the flow exiting from
that system. As applied to FIG. 1, a flow of hydraulic oil is
supplied to the hydraulic control system by the pumps. The
flow exits the hydraulic control system through the various
functions served by the hydraulic control system. This exem-
plary embodiment includes the following functions: hydrau-
lic oil fills clutch mechanisms in order to provide clamping
force required to lock the clutch, as described above; hydrau-
lic oil provides both base cooling and active cooling of the
electric machines and other components as required; hydrau-
lic oil is used to lubricate portions of the transmission; and
hydraulic oil flows through leakage internal to the hydraulic
circuit. P, ;- describes the resulting charge of hydraulic oil
maintained in the system: for any flow through a system, the
resulting pressure within the system depends upon the flow
resistance within the system. Higher flow resistance in the
system results in higher system pressures for a given flow.
Conversely, lower flow resistance in the system results in
lower system pressures for a given flow. Applied to FIG. 1,
P; v or the pressure within the hydraulic control system,
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changes depending upon usage of the hydraulic control sys-
tem. For example, filling a previously unfilled transmission
clutch consumes a significant amount of hydraulic oil from
the hydraulic control system. The orifice leading to the clutch
includes low resistance in order to draw the significant
amount of hydraulic oil over a short time span. As a result,
during the clutch filling process, P,z in an otherwise
unchanged hydraulic control system will reduce. Conversely,
for a given set of functions served by the hydraulic control
system, P, varies based upon the flow supplied by the
pumps. For any given set of flow restrictions associated with
the functions served, increased flow from the pumps will
result in higher P; ;.

As noted above, main hydraulic pumps are known to be
powered mechanically, driven as a parasitic device from the
engine. Hybrid powertrains are known to operate with an
engine running or stopped, depending upon the current hybrid
control strategy. Under engine stopped operation in a power-
train utilizing a mechanically driven main pump, the main
pump cannot provide a supply of hydraulic flow, and, instead,
an auxiliary pump must be used to provide P; ;.- required to
operate the vehicle. A method to accurately control P, - ina
hybrid powertrain through engine running and stopped opera-
tion would provide useful control of the hydraulic control
system.

SUMMARY

A method for controlling hydraulic line pressure of a
hydraulic control system in an electromechanical transmis-
sion adapted to selectively transmit mechanical power to an
output member includes determining an available flow from a
main hydraulic pump, determining an available flow from an
auxiliary hydraulic pump, determining a flow consumption of
functions served by the hydraulic control system, determin-
ing an estimated hydraulic line pressure based upon the flow
from the main hydraulic pump, the flow from the auxiliary
hydraulic pump, and the flow consumption, determining a
desired hydraulic line pressure to fulfill functions served by
the hydraulic control system, comparing the desired hydrau-
lic line pressure to the estimated hydraulic line pressure, and
controlling the main hydraulic pump and the auxiliary
hydraulic pump based upon the comparing the desired
hydraulic line pressure to the estimated hydraulic line pres-
sure.

BRIEF DESCRIPTION OF THE DRAWINGS

One or more embodiments will now be described, by way
of' example, with reference to the accompanying drawings, in
which:

FIG. 1 schematically illustrates a model of factors impact-
ing hydraulic flow in an exemplary hydraulic control system,
in accordance with the present disclosure;

FIG. 2 is a schematic diagram of an exemplary powertrain,
in accordance with the present disclosure;

FIG. 3 is a schematic diagram of an exemplary architecture
for a control system and powertrain, in accordance with the
present disclosure;

FIG. 4 is a schematic diagram of a hydraulic circuit, in
accordance with the present disclosure;

FIG. 5 schematically depicts an exemplary line pressure
estimation module capable of estimating P, ., in accor-
dance with the present disclosure;

FIG. 6 schematically depicts an exemplary available line
pressure estimation module capable of describing the maxi-
mum available pressure that can be generated by the hydrau-
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4

lic control system given current vehicle operation, in accor-
dance with the present disclosure; and

FIG. 7 schematically depicts an exemplary system utilizing
a estimated hydraulic line pressure to control a main pump
and an auxiliary pump within a range, in accordance with the
present disclosure.

DETAILED DESCRIPTION

Referring now to the drawings, wherein the showings are
for the purpose of illustrating certain exemplary embodi-
ments only and not for the purpose of limiting the same,
FIGS. 2 and 3 depict an exemplary electro-mechanical hybrid
powertrain. The exemplary electromechanical hybrid power-
train in accordance with the present disclosure is depicted in
FIG. 2, comprising a two-mode, compound-split, electrome-
chanical hybrid transmission 10 operatively connected to an
engine 14 and first and second electric machines (‘MG-A”) 56
and (‘MG-B’) 72. The engine 14 and first and second electric
machines 56 and 72 each generate power which can be trans-
mitted to the transmission 10. The power generated by the
engine 14 and the first and second electric machines 56 and 72
and transmitted to the transmission 10 is described in terms of
input torques, referred tohereinas T,, T ,, and T respectively,
and speed, referred to herein as N,, N ,, and N, respectively.

The exemplary engine 14 comprises a multi-cylinder inter-
nal combustion engine selectively operative in several states
to transmit torque to the transmission 10 via an input shaft 12,
and can be either a spark-ignition or a compression-ignition
engine. The engine 14 includes a crankshaft (not shown)
operatively coupled to the input shaft 12 of the transmission
10. A rotational speed sensor 11 monitors rotational speed of
the input shaft 12. Power output from the engine 14, compris-
ing rotational speed and output torque, can differ from the
input speed, N,, and the input torque, T, to the transmission
10 due to placement of torque-consuming components on the
input shaft 12 between the engine 14 and the transmission 10,
e.g., a hydraulic pump (not shown) and/or a torque manage-
ment device (not shown).

The exemplary transmission 10 comprises three planetary-
gear sets 24, 26 and 28, and four selectively engageable
torque-transmitting devices, i.e., clutches C1 70, C2 62, C3
73, and C4 75. As used herein, clutches refer to any type of
friction torque transfer device including single or compound
plate clutches or packs, band clutches, and brakes, for
example. A hydraulic control circuit 42, preferably controlled
by a transmission control module (hereafter “TCM’) 17, is
operative to control clutch states. Clutches C2 62 and C4 75
preferably comprise hydraulically-applied rotating friction
clutches. Clutches C1 70 and C3 73 preferably comprise
hydraulically-controlled stationary devices that can be selec-
tively grounded to a transmission case 68. Each of the
clutches C1 70, C2 62,C3 73, and C4 75 is preferably hydrau-
lically applied, selectively receiving pressurized hydraulic oil
via the hydraulic control circuit 42.

The first and second electric machines 56 and 72 preferably
comprise three-phase AC machines, each including a stator
(not shown) and a rotor (not shown), and respective resolvers
80 and 82. The motor stator for each machine is grounded to
an outer portion of the transmission case 68, and includes a
stator core with coiled electrical windings extending there-
from. The rotor for the first electric machine 56 is supported
on a hub plate gear that is operatively attached to shaft 60 via
the second planetary gear set 26. The rotor for the second
electric machine 72 is fixedly attached to a sleeve shaft hub
66.



US 9,097,337 B2

5

Each of the resolvers 80 and 82 preferably comprises a
variable reluctance device including a resolver stator (not
shown) and a resolver rotor (not shown). The resolvers 80 and
82 are appropriately positioned and assembled on respective
ones of the first and second electric machines 56 and 72.
Stators of respective ones of the resolvers 80 and 82 are
operatively connected to one of the stators for the first and
second electric machines 56 and 72. The resolver rotors are
operatively connected to the rotor for the corresponding first
and second electric machines 56 and 72. Each of the resolvers
80 and 82 is signally and operatively connected to a transmis-
sion power inverter control module (hereafter “TPIM”) 19,
and each senses and monitors rotational position of the
resolver rotor relative to the resolver stator, thus monitoring
rotational position of respective ones of first and second elec-
tric machines 56 and 72. Additionally, the signals output from
the resolvers 80 and 82 are interpreted to provide the rota-
tional speeds for first and second electric machines 56 and 72,
i.e., N, and Ny, respectively.

The transmission 10 includes an output member 64, e.g. a
shaft, which is operably connected to a driveline 90 for a
vehicle (not shown), to provide output power, e.g., to vehicle
wheels 93, one of which is shown in FIG. 2. The output power
is characterized in terms of an output rotational speed, N, and
an output torque, T,,. A transmission output speed sensor 84
monitors rotational speed and rotational direction of the out-
put member 64. Each of the vehicle wheels 93, is preferably
equipped with a sensor 94 adapted to monitor wheel speed,
V ss wrz» the output of which is monitored by a control mod-
ule of a distributed control module system described with
respect to FIG. 3, to determine vehicle speed, and absolute
and relative wheel speeds for braking control, traction con-
trol, and vehicle acceleration management.

The input torques from the engine 14 and the first and
second electric machines 56 and 72 (T, T, and T respec-
tively) are generated as a result of energy conversion from
fuel or electrical potential stored in an electrical energy stor-
age device (hereafter ‘ESD’) 74. The ESD 74 is high voltage
DC-coupled to the TPIM 19 via DC transfer conductors 27.
The transfer conductors 27 include a contactor switch 38.
When the contactor switch 38 is closed, under normal opera-
tion, electric current can flow between the ESD 74 and the
TPIM 19. When the contactor switch 38 is opened electric
current flow between the ESD 74 and the TPIM 19 is inter-
rupted. The TPIM 19 transmits electrical power to and from
the first electric machine 56 by transfer conductors 29, and the
TPIM 19 similarly transmits electrical power to and from the
second electric machine 72 by transfer conductors 31, in
response to torque commands for the first and second electric
machines 56 and 72 to achieve the input torques T, and Tj.
Electrical current is transmitted to and from the ESD 74 in
accordance with whether the ESD 74 is being charged or
discharged.

The TPIM 19 includes the pair of power inverters (not
shown) and respective motor control modules (not shown)
configured to receive the torque commands and control
inverter states therefrom for providing motor drive or regen-
eration functionality to meet the commanded motor torques
T, and Tg. The power inverters comprise known complemen-
tary three-phase power electronics devices, and each includes
aplurality of insulated gate bipolar transistors (not shown) for
converting DC power from the ESD 74 to AC power for
powering respective ones of the first and second electric
machines 56 and 72, by switching at high frequencies. The
insulated gate bipolar transistors form a switch mode power
supply configured to receive control commands. There is
typically one pair of insulated gate bipolar transistors for each
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phase of each of the three-phase electric machines. States of
the insulated gate bipolar transistors are controlled to provide
motor drive mechanical power generation or electric power
regeneration functionality. The three-phase inverters receive
or supply DC electric power via DC transfer conductors 27
and transform it to or from three-phase AC power, which is
conducted to or from the first and second electric machines 56
and 72 for operation as motors or generators via transfer
conductors 29 and 31 respectively.

FIG. 3 is a schematic block diagram of the distributed
control module system. The elements described hereinafter
comprise a subset of an overall vehicle control architecture,
and provide coordinated system control of the exemplary
powertrain described in FIG. 2. The distributed control mod-
ule system synthesizes pertinent information and inputs, and
executes algorithms to control various actuators to achieve
control objectives, including objectives related to fuel
economy, emissions, performance, drivability, and protection
of hardware, including batteries of ESD 74 and the first and
second electric machines 56 and 72. The distributed control
module system includes an engine control module (hereafter
‘ECM’) 23, the TCM 17, a battery pack control module
(hereafter ‘BPCM”) 21, and the TPIM 19. A hybrid control
module (hereafter ‘HCP”) 5 provides supervisory control and
coordination of the ECM 23, the TCM 17, the BPCM 21, and
the TPIM 19. A user interface (‘UI’) 13 is operatively con-
nected to a plurality of devices through which a vehicle opera-
tor controls or directs operation of the electromechanical
hybrid powertrain. The devices include an accelerator pedal
113 (‘AP’) from which an operator torque request is deter-
mined, an operator brake pedal 112 (‘BP’), a transmission
gear selector 114 (‘PRNDL’), and a vehicle speed cruise
control (not shown). The transmission gear selector 114 may
have a discrete number of operator-selectable positions,
including the rotational direction of the output member 64 to
enable one of a forward and a reverse direction.

The aforementioned control modules communicate with
other control modules, sensors, and actuators via a local area
network (hereafter ‘LLAN’) bus 6. The LAN bus 6 allows for
structured communication of states of operating parameters
and actuator command signals between the various control
modules. The specific communication protocol utilized is
application-specific. The LAN bus 6 and appropriate proto-
cols provide for robust messaging and multi-control module
interfacing between the aforementioned control modules, and
other control modules providing functionality such as
antilock braking, traction control, and vehicle stability. Mul-
tiple communications buses may be used to improve commu-
nications speed and provide some level of signal redundancy
and integrity. Communication between individual control
modules can also be effected using a direct link, e.g., a serial
peripheral interface (‘SPI’) bus (not shown).

The HCP 5 provides supervisory control of the powertrain,
serving to coordinate operation of the ECM 23, TCM 17,
TPIM 19, and BPCM 21. Based upon various input signals
from the user interface 13 and the powertrain, including the
ESD 74, the HCP 5 generates various commands, including:
the operator torque request (‘T zz,’), a commanded output
torque (‘T,p’) to the driveline 90, an engine input torque
command, clutch torques for the torque-transfer clutches C1
70,C2 62,C373,C4 75 of the transmission 10; and the torque
commands for the first and second electric machines 56 and
72, respectively. The TCM 17 is operatively connected to the
hydraulic control circuit 42 and provides various functions
including monitoring various pressure sensing devices (not
shown) and generating and communicating control signals to
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various solenoids (not shown) thereby controlling pressure
switches and control valves contained within the hydraulic
control circuit 42.

The ECM 23 is operatively connected to the engine 14, and
functions to acquire data from sensors and control actuators
of the engine 14 over a plurality of discrete lines, shown for
simplicity as an aggregate bi-directional interface cable 35.
The ECM 23 receives the engine input torque command from
the HCP 5. The ECM 23 determines the actual engine input
torque, T, provided to the transmission 10 at that point in time
based upon monitored engine speed and load, which is com-
municated to the HCP 5. The ECM 23 monitors input from the
rotational speed sensor 11 to determine the engine input
speed to the input shaft 12, which translates to the transmis-
sion input speed, N, The ECM 23 monitors inputs from
sensors (not shown) to determine states of other engine oper-
ating parameters including, e.g., a manifold pressure, engine
coolant temperature, ambient air temperature, and ambient
pressure. The engine load can be determined, for example,
from the manifold pressure, or alternatively, from monitoring
operator input to the accelerator pedal 113. The ECM 23
generates and communicates command signals to control
engine actuators, including, e.g., fuel injectors, ignition mod-
ules, and throttle control modules, none of which are shown.

The TCM 17 is operatively connected to the transmission
10 and monitors inputs from sensors (not shown) to determine
states of transmission operating parameters. The TCM 17
generates and communicates command signals to control the
transmission 10, including controlling the hydraulic control
circuit 42. Inputs from the TCM 17 to the HCP 5 include
estimated clutch torques for each of the clutches, i.e., C1 70,
C2 62, C3 73, and C4 75, and rotational output speed, N,,, of
the output member 64. Other actuators and sensors may be
used to provide additional information from the TCM 17 to
the HCP 5 for control purposes. The TCM 17 monitors inputs
from pressure switches (not shown) and selectively actuates
pressure control solenoids (not shown) and shift solenoids
(not shown) of the hydraulic control circuit 42 to selectively
actuate the various clutches C1 70, C2 62, C3 73, and C4 75
to achieve various transmission operating range states, as
described hereinbelow.

The BPCM 21 is signally connected to sensors (not shown)
to monitor the ESD 74, including states of electrical current
and voltage parameters, to provide information indicative of
parametric states of the batteries of the ESD 74 to the HCP 5.
The parametric states of the batteries preferably include bat-
tery state-of-charge, battery voltage, battery temperature, and
available battery power, referred to as a range Py, 2 tO
Prir sax

Each of the control modules ECM 23, TCM 17, TPIM 19
and BPCM 21 is preferably a general-purpose digital com-
puter comprising a microprocessor or central processing unit,
storage mediums comprising read only memory (‘ROM”),
random access memory (‘RAM”), electrically programmable
read only memory (‘EPROM”), a high speed clock, analog to
digital (‘A/D’) and digital to analog (‘D/A’) circuitry, and
input/output circuitry and devices (‘1/O’) and appropriate
signal conditioning and buffer circuitry. Each of the control
modules has a set of control algorithms, comprising resident
program instructions and calibrations stored in one of the
storage mediums and executed to provide the respective func-
tions of each computer. Information transfer between the
control modules is preferably accomplished using the LAN
bus 6 and SPI buses. The control algorithms are executed
during preset loop cycles such that each algorithm is executed
at least once each loop cycle. Algorithms stored in the non-
volatile memory devices are executed by one of the central
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processing units to monitor inputs from the sensing devices
and execute control and diagnostic routines to control opera-
tion of the actuators, using preset calibrations. Loop cycles
are executed at regular intervals, for example each 3.125,
6.25,12.5,25 and 100 milliseconds during ongoing operation
of'the powertrain. Alternatively, algorithms may be executed
in response to the occurrence of an event.

The exemplary powertrain selectively operates in one of
several operating range states that can be described in terms
of'an engine state comprising one of an engine on state (‘ON”)
and an engine off state (‘OFF’), and a transmission state
comprising a plurality of fixed gears and continuously vari-
able operating modes, described with reference to Table 1,
below.

TABLE 1

Engine Transmission Operating Applied
Description State Range State Clutches
MI_Eng Off OFF EVT Mode I C170
MI_Eng On ON EVT Mode I C170
FG1 ON Fixed Gear Ratio 1 Cl170 C475
FG2 ON Fixed Gear Ratio 2 C170 C262
MII_Eng_Off OFF EVT Mode IT C262
MII_Eng On ON EVT Mode IT C262
FG3 ON Fixed Gear Ratio 3 C262 C475
FG4 ON Fixed Gear Ratio 4 Cc262 C373

Each of the transmission operating range states is
described in the table and indicates which of the specific
clutches C1 70, C2 62, C3 73, and C4 75 are applied for each
of the operating range states. A first continuously variable
mode, i.e., EVT Mode I, or M1, is selected by applying clutch
C170 only in order to “ground” the outer gear member of the
third planetary gear set 28. The engine state can be one of ON
(‘MI_Eng_On’) or OFF (‘MI_Eng_Off’). A second continu-
ously variable mode, i.e., EVT Mode 11, or M1, is selected by
applying clutch C2 62 only to connect the shaft 60 to the
carrier of the third planetary gear set 28. The engine state can
be one of ON (‘MII_Eng_On’) or OFF (‘MII_Eng_Off"). For
purposes of'this description, when the engine state is OFF, the
engine input speed is equal to zero revolutions per minute
(‘RPM), i.e., the engine crankshaft is not rotating. A fixed
gear operation provides a fixed ratio operation of input-to-
output speed of the transmission 10, i.e., N/N,, is achieved.
A first fixed gear operation (‘FG1 *) is selected by applying
clutches C1 70 and C4 75. A second fixed gear operation
(‘FG2 ) is selected by applying clutches C1 70 and C2 62. A
third fixed gear operation (‘FG3 ) is selected by applying
clutches C2 62 and C4 75. A fourth fixed gear operation
(‘FG4 ) is selected by applying clutches C2 62 and C3 73.
The fixed ratio operation of input-to-output speed increases
with increased fixed gear operation due to decreased gear
ratios in the planetary gears 24, 26, and 28. The rotational
speeds of the first and second electric machines 56 and 72, N,
and N respectively, are dependent on internal rotation of the
mechanism as defined by the clutching and are proportional
to the input speed measured at the input shaft 12.

In response to operator input via the accelerator pedal 113
and brake pedal 112 as captured by the user interface 13, the
HCP 5 and one or more of the other control modules deter-
mine the commanded output torque, T, ., intended to meet
the operator torque request, T, gz, to be executed at the
output member 64 and transmitted to the driveline 90. Final
vehicle acceleration is affected by other factors including,
e.g., road load, road grade, and vehicle mass. The operating
range state is determined for the transmission 10 based upon
a variety of operating characteristics of the powertrain. This
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includes the operator torque request, communicated through
the accelerator pedal 113 and brake pedal 112 to the user
interface 13 as previously described. The operating range
state may be predicated on a powertrain torque demand
caused by a command to operate the first and second electric
machines 56 and 72 in an electrical energy generating mode
or in a torque generating mode. The operating range state can
be determined by an optimization algorithm or routine which
determines optimum system efficiency based upon operator
demand for power, battery state of charge, and energy effi-
ciencies of the engine 14 and the first and second electric
machines 56 and 72. The control system manages torque
inputs from the engine 14 and the first and second electric
machines 56 and 72 based upon an outcome of the executed
optimization routine, and system efficiencies are optimized
thereby, to manage fuel economy and battery charging. Fur-
thermore, operation can be determined based upon a fault in
a component or system. The HCP 5 monitors the torque-
generative devices, and determines the power output from the
transmission 10 required to achieve the desired output torque
to meet the operator torque request. As should be apparent
from the description above, the ESD 74 and the first and
second electric machines 56 and 72 are electrically-opera-
tively coupled for power flow therebetween. Furthermore, the
engine 14, the first and second electric machines 56 and 72,
and the electromechanical transmission 10 are mechanically-
operatively coupled to transmit power therebetween to gen-
erate a power flow to the output member 64.

FIG. 4 depicts a schematic diagram of the hydraulic control
circuit 42 for controlling flow of hydraulic oil in the exem-
plary transmission. A main hydraulic pump 88 is driven off
the input shaft 12 from the engine 14, and an auxiliary pump
110 controlled by the TPIM 19 to provide pressurized fluid to
the hydraulic control circuit 42 through valve 140. The aux-
iliary pump 110 preferably comprises an electrically-pow-
ered pump of an appropriate size and capacity to provide
sufficient flow of pressurized hydraulic oil into the hydraulic
control circuit 42 when operational. The hydraulic control
circuit 42 selectively distributes hydraulic pressure to a plu-
rality of devices, including the torque-transter clutches C1 70,
C2 62, C3 73, and C4 75, active cooling circuits for the first
and second electric machines 56 and 72 (not shown), and a
base cooling circuit for cooling and lubricating the transmis-
sion 10 via passages 142, 144 (not depicted in detail). As
previously stated, the TCM 17 actuates the various clutches to
achieve one of the transmission operating range states
through selective actuation of hydraulic circuit flow control
devices comprising variable pressure control solenoids
(‘PCS’) PCS1 108, PCS2 114, PCS3 112, PCS4 116 and
solenoid-controlled flow management valves, X-valve 119
and Y-valve 121. The hydraulic control circuit 42 is fluidly
connected to pressure switches PS1, PS2, PS3, and PS4 via
passages 122, 124, 126, and 128, respectively. The pressure
control solenoid PCS1 108 has a control position of normally
high and is operative to modulate the magnitude of fluidic
pressure in the hydraulic circuit through fluidic interaction
with controllable pressure regulator 107 and spool valve 109.
The controllable pressure regulator 107 and spool valve 109
interact with PCS1 108 to control hydraulic pressure in the
hydraulic control circuit 42 over a range of pressures and may
provide additional functionality for the hydraulic control cir-
cuit 42. Pressure control solenoid PCS3 112 has a control
position of normally high, and is fluidly connected to spool
valve 113 and operative to effect flow therethrough when
actuated. Spool valve 113 is fluidly connected to pressure
switch PS3 via passage 126. Pressure control solenoid PCS2
114 has a control position of normally high, and is fluidly
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connected to spool valve 115 and operative to effect flow
therethrough when actuated. Spool valve 115 is fluidly con-
nected to pressure switch PS2 via passage 124. Pressure
control solenoid PCS4 116 has a control position of normally
low, and is fluidly connected to spool valve 117 and operative
to effect flow therethrough when actuated. Spool valve 117 is
fluidly connected to pressure switch PS4 via passage 128.

The X-Valve 119 and Y-Valve 121 each comprise flow
management valves controlled by solenoids 118, 120, respec-
tively, in the exemplary system, and have control states of
High (‘1°) and Low (‘0”). The control states refer to positions
of each valve to which control flow to different devices in the
hydraulic control circuit 42 and the transmission 10. The
X-valve 119 is operative to direct pressurized fluid to clutches
C3 73 and C4 75 and cooling systems for stators of the first
and second electric machines 56 and 72 via fluidic passages
136,138, 144, 142 respectively, depending upon the source of
the fluidic input, as is described hereinafter. The Y-valve 121
is operative to direct pressurized fluid to clutches C1 70 and
C2 62 via fluidic passages 132 and 134 respectively, depend-
ing upon the source of the fluidic input, as is described here-
inafter. The Y-valve 121 is fluidly connected to pressure
switch PSI via passage 122.

The hydraulic control circuit 42 includes a base cooling
circuit for providing hydraulic oil to cool the stators of the
first and second electric machines 56 and 72. The base cooling
circuit includes fluid conduits from the valve 140 flowing
directly to a flow restrictor which leads to fluidic passage 144
leading to the base cooling circuit for the stator of the first
electric machine 56, and to a flow restrictor which leads to
fluidic passage 142 leading to the base cooling circuit for the
stator of the second electric machine 72. Active cooling of
stators for the first and second electric machines 56 and 72 is
effected by selective actuation of pressure control solenoids
PCS2 114, PCS3 112 and PCS4 116 and solenoid-controlled
flow management valves X-valve 119 and Y-valve 121, which
leads to flow of hydraulic oil around the selected stator and
permits heat to be transferred therebetween, primarily
through conduction.

An exemplary logic table to accomplish control of the
exemplary hydraulic control circuit 42 to control operation of
the transmission 10 in one of the transmission operating range
states is provided with reference to Table 2, below.

TABLE 2
X- Y-
Transmission Valve Valve
Operating Logic Logic PCSI1 PCS2  PCS3 PCS4
Range No C2  Normal Normal Normal Normal
State Latch Latch High High High Low
EVT 0 0  Line MG-B C1 MG-A
Mode I Modulation — Stator Stator
Cool Cool
EVT 0 1 Line C2 MG-B  MG-A
Mode II Modulation Stator  Stator
Cool Cool
Low 1 0 Line C2 Cl1 c4
Range Modulation
High 1 1 Line C2 C3 c4
Range Modulation

A Low Range is defined as a transmission operating range
state comprising one of the first continuously variable mode
and the first and second fixed gear operations. A High Range
is defined as a transmission operating range state comprising
one of the second continuously variable mode and the third
and fourth fixed gear operations. Selective control of the
X-valve 119 and the Y-valve 121 and actuation of the sole-
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noids PCS2 112, PCS3 114, PCS4 116 facilitate flow of
hydraulic oil to actuate clutches C1 70, C2 63, C3 73, and C4
75, and provide cooling for the stators the first and second
electric machines 56 and 72.

In operation, a transmission operating range state, i.e. one
of the fixed gear and continuously variable mode operations,
is selected for the exemplary transmission 10 based upon a
variety of operating characteristics of the powertrain. This
includes the operator torque request, typically communicated
through inputs to the Ul 13 as previously described. Addi-
tionally, a demand for output torque is predicated on external
conditions, including, e.g., road grade, road surface condi-
tions, or wind load. The operating range state may be predi-
cated on a powertrain torque demand caused by a control
module command to operate of the electrical machines in an
electrical energy generating mode or in a torque generating
mode. The operating range state can be determined by an
optimization algorithm or routine operable to determine an
optimum system efficiency based upon the operator torque
request, battery state of charge, and energy efficiencies of the
engine 14 and the first and second electric machines 56 and
72. The control system manages the input torques from the
engine 14 and the first and second electric machines 56 and 72
based upon an outcome of the executed optimization routine,
and system optimization occurs to improve fuel economy and
manage battery charging. Furthermore, the operation can be
determined based upon a fault in a component or system.

As mentioned above, the purpose of the hydraulic control
system is to provide pressurized hydraulic oil for a number of
functions throughout a hybrid powertrain. One having ordi-
nary skill in the art will appreciate that control of the hydrau-
lic control system in order to enable smooth and consistent
operation of the functions served by providing a supply of
hydraulic flow requires an understanding of P; ;. Py vz 18
important to understanding the capacity of the hydraulic con-
trol system necessary to fill required functions. P, ;. is also
important to managing the operation of the pump or pumps
utilized to provide the supply of hydraulic flow to the hydrau-
lic control system.

P, vz describes the capacity that the hydraulic control sys-
tem possesses to fulfill a required function. For instance, in a
clutch control function, P, ;..» describes the maximum clamp-
ing force immediately available to the clutch. As described
above, the capacity of the clutch to transmit reactive torque
depends upon the clamping force applied to the clutch. Addi-
tionally, it will be appreciated that P, describes how
quickly the clutch can be filled. In another example, one
having ordinary skill in the art will appreciate that, with
regards to electric machine cooling, either serving a base
machine cooling function through the electric machine or
selectively serving an active machine cooling function, the
quantity of hydraulic oil passing through the heat exchange
mechanism of the electric machine and the resulting heat
exchange capacity of the function rise as a function of P, ;.
In another example, hydraulic oil can be used to lubricate a
device, for instance, a bearing. The resulting flow to the
device through a fixed orifice and the resulting ability of the
hydraulic flow to meet the lubrication function is a function of
Prone

Understanding flow consumption by these functions
served by the hydraulic control system is important for a
number of reasons. As described in these examples and com-
bined with an understanding of the required functions, a
minimum P; ;- or P, can be described for each function
describing the line pressure necessary to fulfill the required
function for a given set of circumstances. Circumstances
affecting P, for each function can include T ,;, describing
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the characteristics of the hydraulic oil supplied for the func-
tion, and function specific variables describing the function
requirements, for instance, a heat rejection rate from the
electric machine. In addition, understanding flow consump-
tion by functions served by the hydraulic control system is
also important to understanding the P; ;- resulting from the
aforementioned balance, illustrated in FIG. 1, between the
in-flows from the hydraulic pumps and the flow consumption
by the functions served.

P; v 18 important to managing the operation of the pump
or pumps utilized to provide the supply of hydraulic flow to
the hydraulic control system, describing both an input to the
operation of the pumps by describing the back pressure
exerted on the pumps and also providing feedback to the
operation of the pump or pumps providing a comparison to
drive P, to a desire line pressure value. As described
above, the output of each hydraulic pump supplying hydrau-
lic flow to the hydraulic control system is affected by the back
pressure exerted upon the pump. Additionally, accurate con-
trol of hydraulic pumps in order to provide a desired line
pressure requires some measure of the current line pressure or
Prve

Based upon known conditions and known operation of the
pump or pumps, different estimations can be made regarding
the capability of the pumps to generate line pressure. For
instance, a maximum current line pressure or P, can be
defined, describing the maximum P; ;- that can be generated
if the current operational pumps were controlled to their
highest flow settings. P,,, can include activating pumps,
such an auxiliary pump, not currently active and can also
include modulating or restricting functions consuming sup-
ply of hydraulic flow from the hydraulic control system. P, +
is useful to supply hydraulic flow to priority functions requir-
ing high P, ;... values, for instance, as required to quickly fill
a transmission clutch.

P; vz as described above, is an important term useful to
describe both requirements to be fulfilled by the hydraulic
control system, and also in controlling pump operation. How-
ever, P; ;v 1s frequently not directly measured. FIG. 5 sche-
matically depicts an exemplary line pressure estimation mod-
ule capable of estimating P; .z, in accordance with the
present disclosure. As described above, a number of factors
are known to influence P, including the effective flow
entering the hydraulic lines from the pumps, and the various
devices consuming hydraulic pressure from the hydraulic
lines of the hydraulic control system. The module generates
an estimate of P,z or P, rror Additionally, P, prmor s
fed-back to the module to include back pressure caused by
P; e in the determination of P, ;.o In this way, factors
affecting P, ;.- can be modeled to generate P, ;.o forusein
control of the hydraulic control system.

FIG. 6 schematically depicts an exemplary available line
pressure estimation module capable of describing the maxi-
mum available pressure that can be generated by the hydrau-
lic control system given current vehicle operation, in accor-
dance with the present disclosure. In similar operation to the
line pressure estimation module described above, the maxi-
mum available line pressure estimation module inputs
describing various factors describing resulting P, ;.. and
models an estimated maximum available pressure or P, +. In
this way, factors affecting P, ;.. can be modeled to generate
P, .5 for use in control of the hydraulic control system.

As described above, main hydraulic pumps are known to be
powered mechanically from the engine. Hybrid powertrains,
taking full advantage of fuel efficient operating strategies, are
known to operate with an engine running or stopped. Under
engine stopped operation in a powertrain utilizing a mechani-
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cally driven main pump, the main pump cannot provide a
supply of hydraulic flow, and, instead, an auxiliary pump
must be used to provide P, ;. required for operation of the
various functions served by the hydraulic control system. A
method to accurately control P; ;. in a hybrid powertrain in
conjunction with engine running and stopped operation is
provided. By monitoring P, zzor» operation of a main
hydraulic pump and an auxiliary hydraulic pump, in order to
fill requirements of the functions served by the hydraulic
control system and accounting for operational characteristics
such as T,;; and P, back pressure, can be controlled
through periods of engine running and engine stopped opera-
tion.

An understanding of P, ;.. in conjunction with an under-
standing of functions served by the hydraulic control system
allows for determination of a desired line pressure or
Presiren- Poesirep can include immediate requirements of
the hydraulic control system based upon P;zzer for
instance, based upon a projection that a presently employed
process to fill a clutch will cause P, to fall below P, ;.
Additionally, P, zezzp can include projections of expected
requirements, for instance, a projected shift based upon accel-
erator pedal position or data available from such sources as
historical driving patterns or a digital map device or increas-
ing electric machine temperatures expected to soon require
active cooling. Values, derivations, and modifying factors for
determining P, zqrzp may be developed experimentally,
empirically, predictively, through modeling or other tech-
niques adequate to accurately predict hydraulic control sys-
tem operation, and a multitude of criteria for setting P,z o722
might be used by the same engine for each cylinder and for
different engine settings, conditions, or operating ranges.
Many factors are contemplated that can impact a selection of
Ppesirens and the disclosure is not intended to be limited to
the particular embodiments described herein. If no factors or
motivations suggest that P,z be set at an elevated level,
Ppesirep canbesetto P, . in order to reduce power demands
of the hydraulic pumps to the lowest possible level. In cir-
cumstances where an extreme need for high P, is
expected, for instance, in response to a large change in accel-
erator pedal position indicating a need to immediately fill a
clutch and supply maximum clamping force in the clutch,
Ppesirep can be set to Py, - or simply be commanded to a
maximum value.

FIG. 7 schematically depicts an exemplary system utilizing
P; veesr 10 control a main pump and an auxiliary pump
within a range set by P, ,and P, +, in accordance with the
present disclosure. Pump control system 500 comprises a
main pump flow module 505, an aux pump flow module 510,
a flow max summation module 515, a flow effective summa-
tion module 520, a line pressure estimator module 525, a
P; v maximum determination module 530, a P; ;- mini-
mum determination module 535, a pump control module 540,
and an auxiliary pump 550. Main pump flow module 505
receives as inputs N,,, . the indicated speed of the main
pump; main pump control factors, indicating any measures
taken to modulate hydraulic flow contributing to P; ;.. result-
ing from operation of the main pump; T, ; and a fed-back
indication of P; ;yrrsr It will be appreciated that N, ., ., can
be monitored directly from the main pump, or in the case of a
mechanically driven pump with a direct drive ratio to the
speed of the engine driving the pump, N, - can be derived
by monitoring the engine speed and applying the drive ratio.
Main pump control factors can include a description of any
known means utilized by the system to modulate the output of
the main pump, for example, the use of a selectable flow
restrictor, a selectable flow bypass circuit, or operation of a
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solenoid used to affect resulting P, ;,. Main pump flow mod-
ule 505 utilizes the inputs to model or estimate a FLOW
MAIN term, describing hydraulic flow currently coming
from the main pump and contributing to P, ;... Additionally,
main pump flow module 505 estimates FLOW MAIN MAX,
describing the maximum flow that could be delivered from
the main pump given current vehicle operation. Aux pump
flow module 510 receives as inputs N, , the indicated speed
of the auxiliary pump 550; T, ; and a fed-back indication of
P; veesr Depending upon the hydraulic control system con-
figuration, an additional input describing aux pump control
factors could additionally be implemented. Aux pump flow
module 510 utilizes the inputs to model or estimate a FLOW
AUX term, describing hydraulic flow currently coming from
the auxiliary pump and contributing to P,,,,.. Additionally,
aux pump flow module 510 estimates FLOW AUX MAX,
describing the maximum flow that could be delivered from
the auxiliary pump given current vehicle operation. Flow max
summation module 515 receives the FLOW MAIN MAX and
FLOW AUX MAX signals from the aforementioned flow
modules and provides a flow max term describing the maxi-
mum flow that can be provided by the main and aux pumps
given current vehicle operation. Similarly, flow effective
summation module 520 receives the FLOW MAIN and
FLOW AUX signals from the aforementioned flow modules
and provides a flow effective term describing the total current
flow that is being provided by the main and aux pumps. As
described above in relation to FIG. 5, aline pressure estimator
module 525 is operative to receive inputs and provide a
P; verst describing the estimated current P, ;. It should be
noted that P; ;.- can be measured directly by a pressure trans-
ducer. P, ;.- maximum determination module 530 utilizes
inputs, including resulting terms from modules 515 and 525,
described above, to generate P, ., 1. P; ;- minimum determi-
nation module 535 utilizes inputs, including resulting terms
describing the functional requirements that must be fulfilled
by the hydraulic control system, to generate P,,.. Pump
control module 540 receives inputs from modules 525, 530,
and 535, described above, and P, ¢/ =rr. Pump control mod-
ule includes a control output to auxiliary pump 550. Pump
control module 540 can describe a single device issuing con-
trol commands to devices affecting the flow from the main
pump, such as a flow regulator, and to auxiliary pump 550 and
any device affecting the flow from auxiliary pump 550. Alter-
natively, pump control module 540 can inclusively describe a
plurality of devices serving command and control functions
associated with operation and modulation of the pumps and
their outputs. Alternatively, pump control module 540 can
communicate with other modules, for example, pressure
regulator control module 560 as depicted.

While the above embodiments describe a system utilizing
a main pump driven by the engine and an auxiliary pump
electrically driven, one having ordinary skill in the art will
appreciate that the methods described herein can be used with
awide variety of hydraulic control system configurations. For
example, a single electrically powered pump can be used in
place of the two pump embodiment described above, and
P; v can be used in to control such a configuration.

Itis understood that modifications are allowable within the
scope of the disclosure. The disclosure has been described
with specific reference to the preferred embodiments and
modifications thereto. Further modifications and alterations
may occur to others upon reading and understanding the
specification. It is intended to include all such modifications
and alterations insofar as they come within the scope of the
disclosure.
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The invention claimed is:

1. Method for controlling hydraulic line pressure of a
hydraulic control system in an electro-mechanical transmis-
sion configured to selectively transmit mechanical power to
an output member, said method comprising:

determining an available flow from a main hydraulic

pump;

determining an available flow from an auxiliary hydraulic

pump;

determining a flow consumption of functions served by

said hydraulic control system;

determining an estimated hydraulic line pressure based

upon said flow from said main hydraulic pump, said flow
from said auxiliary hydraulic pump, and said flow con-
sumption;

said determining of the available flow from the main

hydraulic pump and the available flow from the auxiliary
hydraulic pump based on the determined estimated
hydraulic line pressure;

modeling behavior of said functions served by said hydrau-

lic control system based upon immediate requirements
and projections of expected requirements of the hydrau-
lic control system;
determining a minimum hydraulic line pressure to fulfill
said functions served by said hydraulic control system;

determining a desired hydraulic line pressure comprising
one of said minimum hydraulic line pressure to fulfill
said functions served by said hydraulic control system
and a hydraulic line pressure determined based upon
said modeling behavior of said functions served by said
hydraulic control system;

determining an estimated maximum available hydraulic

line pressure based upon the estimated hydraulic line
pressure;

comparing said desired hydraulic line pressure to said esti-

mated hydraulic line pressure; and

modulating output of said main hydraulic pump and con-

trolling said auxiliary hydraulic pump based upon said
comparing said desired hydraulic line pressure to said
estimated hydraulic line pressure and the estimated
maximum available hydraulic line pressure;

said modulating the output of the main hydraulic pump

comprising controlling a selectable flow restrictor, and
said controlling said auxiliary hydraulic pump compris-
ing controlling rotational speed of the auxiliary hydrau-
lic pump.

2. The method of claim 1, wherein determining said flow
consumption of said functions served by said hydraulic con-
trol system includes monitoring selective application of a
clutch within said transmission.

3. The method of claim 1, wherein determining said flow
consumption of said functions served by said hydraulic con-
trol system includes monitoring supply of hydraulic oil to a
constant flow restriction base motor cooling system.

4. The method of claim 1, wherein determining said flow
consumption of said functions served by said hydraulic con-
trol system includes monitoring supply of hydraulic oil to a
selectively active motor cooling system.

5. The method of claim 1, wherein determining said flow
consumption of said functions served by said hydraulic con-
trol system includes monitoring supply of hydraulic oil to a
lubrication circuit.

6. The method of claim 1, wherein determining available
flow from said main hydraulic pump comprises:

monitoring a pump speed of said main hydraulic pump;

and
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determining said available flow from a main hydraulic
pump based upon said hydraulic oil temperature and
said pump speed of said main hydraulic pump;
wherein said determining available flow from said auxil-
iary hydraulic pump comprises monitoring a pump
speed of said auxiliary hydraulic pump, and
determining available flow from said auxiliary hydraulic
pump based upon said hydraulic oil temperature and
said pump speed of said auxiliary hydraulic pump.

7. The method of claim 6,

wherein said main hydraulic pump is mechanically driven

by an engine, and

wherein said monitoring said pump speed of said main

hydraulic pump comprises monitoring a speed of said
engine.

8. The method of claim 1, further comprising:

determining a maximum achievable flow from said main

hydraulic pump;

determining a maximum achievable flow from said auxil-

iary hydraulic pump;

determining flow consumption under maximum flow con-

ditions of functions served by said hydraulic control
system; and

determining the estimated maximum available hydraulic

line pressure based upon said maximum achievable flow
from said main hydraulic pump, said maximum achiev-
able flow from said auxiliary hydraulic pump, and said
flow consumption under maximum flow conditions.

9. Method for controlling hydraulic line pressure of a
hydraulic control system including main and auxiliary
hydraulic pumps providing hydraulic oil to functions com-
prising transmission clutch control, electric machine cooling,
and lubrication in an electro-mechanical transmission config-
ured to selectively transmit mechanical power to an output
member, said method comprising:

monitoring factors affecting hydraulic pump operation

including hydraulic oil temperature, hydraulic pump
speeds, and hydraulic line back pressure;

determining available flow from each hydraulic pump in

said hydraulic control system;
modeling flow consumption of said functions based upon
immediate requirements and projections of expected
requirements of the hydraulic control system;

determining a minimum functional hydraulic line pressure
to fulfill said functions served by said hydraulic control
system,

determining an estimated hydraulic line pressure based

upon said flow from said hydraulic pumps and said flow
consumption;

said determining of the available flow from each hydraulic

pump in said hydraulic control system based upon said
determined estimated hydraulic line pressure;
determining a desired hydraulic line pressure to fulfill
functions served by said hydraulic control system,
wherein said desired hydraulic line pressure is based
upon the minimum functional hydraulic line pressure, a
maximum achievable hydraulic line pressure, and said
modeling said flow consumption of said functions, the
desired hydraulic line pressure equal to one of:
said minimum functional hydraulic line pressure unless
said modeled flow consumption of said functions dic-
tate an expected need for a hydraulic line pressure that
is elevated from said minimum functional hydraulic
line pressure, and
an available hydraulic line pressure that is elevated from
said minimum functional hydraulic line pressure
when said modeled flow consumption of said func-
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tions dictate the expected need for the hydraulic line
pressure that is elevated from said minimum func-
tional hydraulic line pressure; and

modulating output of said main hydraulic pump and con-
trolling said auxiliary hydraulic pump to meet said
desired hydraulic pressure based upon said estimated
hydraulic line pressure and the maximum achievable
hydraulic line pressure;

said modulating the output of the main hydraulic pump
comprising controlling a selectable flow restrictor, and
said controlling said auxiliary hydraulic pump compris-
ing controlling rotational speed of the auxiliary hydrau-
lic pump.

10. Apparatus for controlling hydraulic line pressure of a
hydraulic control system in an electro-mechanical transmis-
sion configured to selectively transmit mechanical power to
an output member, said apparatus comprising:

a main pump flow module configured to determine an

available flow from a main hydraulic pump;

an auxiliary pump flow module configured to determine an
available flow from an auxiliary hydraulic pump;

a line pressure estimation module configured to determine
an estimated hydraulic line pressure based upon said
flow from said main hydraulic pump, said flow from said
auxiliary hydraulic pump, transmission clutch flow
requirements, and a transmission oil temperature;
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said determined available flow from the main hydraulic
pump and said determined available flow from the aux-
iliary hydraulic pump based on said determined esti-
mated hydraulic line pressure;

a hydraulic line pressure minimum determination module
configured to determine minimum functional hydraulic
line pressure operating as a first limit for said pump
control module;

a hydraulic line pressure maximum determination module
configured to determine a maximum achievable hydrau-
lic line pressure operating as a second limit for said
pump control module; and

a pump control module configured to issue control com-
mands to control a selectable flow restrictor modulating
the output of said main hydraulic pump and to control
rotational speed of said auxiliary hydraulic pump, said
control commands based upon a desired hydraulic line
pressure and said estimated hydraulic line pressure, said
desired hydraulic line pressure including the minimum
functional hydraulic line pressure and the maximum
achievable hydraulic line pressure, said desired hydrau-
lic line pressure equal to said minimum functional
hydraulic line pressure unless said estimated hydraulic
line pressure dictates an expected need for a hydraulic
line pressure that is elevated from said minimum
hydraulic line pressure.
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